Selecting Manwan Dam as a study case, we studied the spatial-temporal change of land use during 1974, 1991 and 2004 based on the application of RS interpretation and GIS buffer analysis. Land use indices within three buffer distances from dam centre were calculated to quantify the effects of dam construction. The results showed that land use structure changed greatly during and after dam construction. Forestland and grassland were two main types of land use, which occupied over 79.70% of total area in 10000 m buffer. The main conversion of land use types took place from forest land to grass and farm land between 1974 and 1991, and that was almost consistent between 1991 and 2004 . During 1974 -1991, spatial dynamics of grass, farm and construction land were much larger than water body and forest land, and had an increasing tendency and the balanced state decreased with the increased off-dam distances which indicated that conversion of input and output were frequently between the three land use types. During 1991-2004, water body had the largest value of R ss , in a state of extreme non-balanced with its P s reached 0.96, 0.96 and 0.99 in 10000, 5000 and 1000 m buffer, respectively. Further studies showed that direct effect was limited in the 1000 m buffer region based on the land use indices including temporal dynamics of land use change (R s ), spatial dynamics of land use change (R ss ,) and tendency and state index (P s ). Generally, three indices of each land use type decreased with the increased off-dam distances.
Introduction
Land use and land cover changes (LUCC) play a pivotal role in environmental and ecological changes [1] . The status of land use land cover not only influence the natural basis of human survival and development, but also closely relate with evolution of the ecological environment, and the continuable connection between humanity and the environment which interacts with each other [2] . Changes of land use pattern is basic of LUCC [3] , only by fully understanding the spatial-temporal dynamics of land use can further carry out the study of driving force and mechanism, also can propitious evaluation the effect of ecological environment caused by its changes and prediction trends of land use change [4, 5] . Carrying out the study of the spatial-temporal dynamics of land use has great significance to strengthen the protection of land resources, determent unreasonable exploitation, improve ecological environment and promote integration development and utilization of Lancang River [6] .
Land use change is one of the important problems for hydraulic engineering. Hydropower development is the most sensitive influence of human social activities on LUCC, this brings the chain-reaction such as the forest land area reduction and the agriculture land area unceasing increase. The exploitation of the Lancang River basin in Yunnan for hydropower development commenced 60 years ago. Since the 1980 s, Lancang hydropower development has taken place on the mainstream with a cascade development of eight dams planned. Manwan hydropower station is one of the eight cascade dams which completed in 1995 and is in operation with an installed capacity of 1500 MW. Significantly change has taken place of land use pattern in the past 17 years since its first generator set put into operation in 1993. Therefore, quantitative research on driving force factors about LUCC for hydraulic engineering are important to in-depth understand this system and would lay a foundation for Lancang River stabilization and sustainable development of resources and environment. Based on three periods of TM in 1974, 1988 and 2004 with the support of GIS, we analyzed the spatial-temporal changes of land use pattern in reservoir region of Manwan hydropower station which can provide the basis for further research driving factors and change mechanism of LUCC. Manwan hydropower station is the first large-scale main stream hydropower station in Lancang River which constructed by cooperation of Yunnan province and Ministry of Water Resources, also the first multimillion kilowatt hydropower station in Yunnan. Manwan hydropower station is located in the middle reach of Lancang River in Yunnan Province, near the upstream of Manwan town between Yun county and Jingdong county (Fig 1) .
Study Site
The dam is 418 m long and 132 m high. The reservoir is located in the gorge area with high mountains and steep valleys. Most of the mountain peaks nearby the reservoir are higher than 2200 m above sea level, the highest of west bank is Heilongtan mountain, in Fengqing county (2863 m), the lowest valley bottom near the dam-site (891 m), the highest of east bank is Wuliang mountain (3291 m). Within short distance, the peak-valley difference is over 1900 m, and the mainstream valley gradient ratio is over 15‰. When stored water reaches its effective capacity is 257×10 . The designed head is 89 m high, the maximum 100 m, and the minimum 69.3 m. The reservoir area is 23.6 km 2 , 2.8 times larger than before the dam construction. The reservoir water surface is on average 337.1 m wide, two times more than in the natural channel. The project was constructed in two stages, and the installed capacity of the first stage is 1250 MW [7] [8] [9] .
Methods

Data acquisition
We selected Landsat MSS data (resolution 80 m×80 m) of the research region in January 1974, Landsat TM (resolution 30 m×30 m) data in February 1991 and February 2004 as the main remote sensing data sources to reflect the spatial data of land use in different periods of hydropower station construction. We used the geometric correction of ERDAS 8.5 to geometrically correct and extracted the geographical information of the remote image by visual interpretation first, and then using linear contrast stretching and histogram equalization to enhance each Landsat image. Lastly, combined with field survey and existing land use map, a supervised signature extraction with the maximum likelihood algorithm was used for classify images. The classified classes in each image were grouped into five land use types: water body, forest, grass, farm and construction land, according to Chinese National Technical Standard for Land-Use Survey [10] and combining the characteristics of study area. The results of interpretation at random to verify the accuracy show that precision value of land use types of these three period images are coincident with the requirement for landscape dynamics regarding this research.
Buffer analysis and spatial dynamics of land use change
The ARCGIS 9.2 system was used for buffer analysis. Selected dam as centre, took 1000, 5000 and 10000 m as the radius to generate buffers, then analyzed the land use area changes and the transfer area matrix between different land use types during 1974-1991 and 1991-2004 .
The process and trends of land use changes can be represented by amplitude of variation, area variance ratio, spatial change speed, regional change trend index and so on. Amplitude of variation by means of variation in the area of land use types which reflect changes in the total amount of different types, its mathematical expression [11] is:
Where R d represents the calculated amplitude of variation, U a and U b represent the area of single type at the beginning and at the ending of research periods.
The land use change may be divided into two kinds of dynamics: one is dynamics of single land use change and another is dynamics of integrated land use change. The former dynamics reflects spatial-temporal variation of single land use type change; the latter dynamics represents LUCC speed of entire study area. In this article, we mainly adopt dynamics of single land use change so as to examine the effects of dam to land use change.
The single model expression [4] is:
Where U a and U b represent the area of one type at the beginning and at the ending of research periods, U in represents the area of other types transformed into one type, U out represents the area of one type transformed into other types. T is the years of study periods. So R s is change in every year of single land use type.
R s only reflects temporal dynamics of single land use change, it does not reflects the spatial dynamics, so we introduce model of spatial dynamics of single land use change [11] as follow:
Where U in , U out , U a and T represent the same meaning as last formula. In order to reflect the tendency and state of single land use change, we introduce model [11] as follow:
Where Ps represents the tendency and state of single land use change, the other parameters represent the same meaning as last formula.
Results
Land Use Change
With the results of remote sensing interpretation and classification, land use types with the 1000, 5000 and 10000 m buffer were compared in 1974, 1991 and 2004 (Table 1) . We used the relative ratio of land use area in 1974 to that in 1991 and in 1991 to that in 2004 to indicate the change trend before and after dam construction in different buffers, respectively.
The results showed that area of forest land decreased from 1974 to 2004, relative ratio reached 79.91% in 1974 and decreased to 59.06% in 2004 in 10000 m buffer, areas of grass, farm and construction land increased dramatically with the variation ratios reached more than 155.49%, 55.60% and 90.19%, respectively. The basic driving forces for the change of land use are the external functions of the human activities and the evolution of the development of natural ecological systems. The human activities are direct and short-term, due to large part to land cultivation that forest land cleaning for agricultural development and utilization and construction of Manwan hydropower station, just for this reason, the most notable change is the area of water body which increased rapidly after completion of Manwan dam, decreased little when the dam was under construction.
By comparing land use changes in the dam's 1000, 5000 and 10000 m buffer, we found there existed similar trends between land use changes. The variation ratio of constructed land in 1000 m buffer was larger than that in 5000 and 10000 m buffer, which meant that main changes occurred near the dam. Distinguishingly, the areas of grass and farm land increased dramatically with the relative ratios reached 52.49% and 7.54% from 1974 to 1991 in 1000 m buffer, then decreased to 36.63% and 3.50%, respectively. At the same time, area of constructed land increased from 0.25% to 0.81% in the period of 1974-1991 and then decreased from 0.81% to 0.65% in the period of 1991-2004. This dramatically change can be associated with the effect of dam construction, large area of forest land was cleared for farmland and constructed land or succeed to grass land, especially when the dam was under construction extremely destructive disturbances had brought to nature ecosystem. A part of forest, grass and farm land were flooded after completion of dam, therefore, these areas decreased with the increasing of water body. 2 , respectively, smaller than that in 1974-1991. The subsequent conversions are from grass land to forest and farm land, from farm land to forest and grass land. Especially, the area of water body at the beginning of this period increased dramatically with relative ratio of 369.22% comparing with the ending of this period, the other land use types converted to water body due to inundation caused by the rising water level after completion of the dam construction, the inundation areas of forest, grass and farm land were 327.02, 174.20 and 220.13 hm 2 , respectively. 
Dynamics of single land use change
Dynamics of single land use type reflects one type's variance, from formula (2) we can calculate the variance of each land use type (Table 3) . R s is change in every year of single land use type, it appears that change speed of grass land was higher than other land use types in three buffers except that of construction land in 5000 m buffer during 1974-1991, with its R s reached 8.48%, 9.39% and 11.77%, respectively. R s of each land use type decreased with the increased off-dam distances. By contrast, R s of water body appears larger than any other land use types during 1991-2004 in different buffers with its R s reached 28.40%, 28.37% and 25.59%, respectively. Followed by constructed land, with its R s reached 5.06% in 1000 m buffer, the reason can be associated with dam constructed during this period which actuating forest, grass and farm land transformed to construction land. Due to R s only reflects temporal dynamics of single land use change, it does not reflects the spatial dynamics, therefore, we calculated the spatial dynamics of single land use change (R ss ) based on transfer area matrix of land use types (Table 2 ) and formula (3) . The results showed that spatial dynamics of grass, farm and constructed land were much larger than water body and forest land, it indicated that conversions of input and output were frequently between these three land use types during 1974-1991. Spatial dynamics of constructed land was the largest because of dam construction actuating other land use types transformed to it. Spatial dynamics of water body is the smallest in all land use types, with its R ss reached 1.00%, 1.11% and 1.87% in three buffers, respectively. This point to that the water body is stable in this period. In the period of 1991-2004 we can find that water body had the largest value of R ss , followed by constructed land, the reason was that water body increased dramatically after completion of dam construction.
P s reflects the tendency and state of single land use change. 0 < P s ≤ 1 indicates the single land use type have a increasing tendency and in a certain condition of "increasing state", also indicate that single land use type increase slower with P s closer to 0, it present a balanced state; -1 ≤ P s < 0 indicates the single land use type have a decreasing tendency and in a certain condition of "decreasing state", single land use type decrease slower with P s closer to 0, it presents an balanced state of two-way conversion and will convert with a direction from single land use type to other types, and appears an extreme non-balanced state. From Table 5 , we found that grass, farm and constructed land had an increasing tendency and the balanced state decreased with the increased off-dam distances during 1974-1991. Water body and forest land had a decreasing tendency and state with their P s reached -0.75 in 1000 m buffer, synchronously. The results during 1991-2004 showed that tendency and state of water body was in a state of extreme non-balanced with its P s reached 0.96, 0.96 and 0.99 in 10000, 5000 and 1000 m buffer, respectively. Forest land had a decreasing tendency in different buffers, grass land presented a balanced state in all buffers, it also indicates that forest and farm land convert to water body because of dam construction. 
Discussion and Conclusion
In the past decades, Lancang River has suffered cascade development of dams on the mainstream. Dams construction have caused pressure upon changes of land use, according to our analysis, the forest land in Manwan reservoir region declined with time. The speed, tendency and state of land use changes varied in different buffers during the research periods. Before the Manwan dam construction, the land use changed gradually. The temporal dynamics of grass and construction land areas were highest between 1974 and 1991, being equal to 8.48% and 4.36% in 10000 m buffer respectively.
In the case of the buffer of dam, the distribution of R s , R ss and P s revealed that the most directly affected areas were in the zones where the buffer radius was 1000 m. It also concluded that P s in the vicinity of reservoirs during 1991-2004 compared with that in 1974-1991 was increasing, but it still at a very high value especially in small radius of buffer. However, our analysis revealed that with increasing radius of buffer, the P s values in two periods became greater.
